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Abstract

'Featdres of thefPLATO‘IH CBE syskem allow‘the.gat;ering
of large quantities and varieties of Thformation describing
the interactions of students with CBE courseware. Until
recently this type and volume of data have not been 2asily
available, and hence few techniques or guidelines for its
analysis have been investigated Thds report describes some
1n1mzal attempts and the-current status of efforts to *
collect condense, and analyzé these data for the purpose “of
dzagnoslng student problems and.improving instruction.
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. Prologue

-
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Throughoutrthe history of the PLATO systeh, directions
in data collection and analysis—have shifted steadily. /.
.Shortly after the\degelopment of early PLATO systems[ﬂ; ‘
\ofe\;s detailed individual data, the
System for Instruc;aonal Regponse Analysis (SIRA) was -
dev1sed (Avner, 1969). This packagé could analyze-student
responses !irtually key#troke-by- keystroke It was designed
to perform many. of the highly sophisticat%d analyses made

feaslbla,by tne power of the computer. Unfortunately, its

system designed to

-
extensive flexibility overwhelmed most potential users.™
- These users, under pressure to produce large quantlties of

'1nstructxonal material could rarely spare the time needed

1
b )

SIRA package was based. Hence, they tended tg avo any
approach to data analysis that they did not already understand.

taced with a technically sound package -which was_not

to master«thé advanced‘Eeasurement concepts upon ghich the

reaching its intended audience, the data collection philo- ' f
sophy of systems ‘designers changed., 1In order to increase-
the likelyhood thatlinstructional designers would make full-
use of the student dAta that CBE gavwe access to, it was
decided to limit sszsm-supported analysis patkages to very
basic levelsiuhich would be easy to use and "hook" users on
the utility meStUdent data. 1t was expected that once
users became Becustomed to using ‘Eudent data, they would.
‘desire accessito more advanced tec niques. Pather than
attempt to prdvide the very flexible Advanced packages that,
would be required to support the range of needed applicat#ons,/ ¢
authors were to be given tools (commands, databases, ete.) ’
.which they would need.to develop their own,,individual
analysis packéges stem designers felt that specialize¢
packages for- eéch pr ject discipline, or group would mean"-

.i”‘ »




greater efficiency and higher acceptance than a "super-

* package" “for 'all users. Thus, only basic routines have .
beeri system-sudported since- -the advent of the, PLATO. IV sybtem
(Tatsuoka & Stegel, 1974). B e
_,-' At first, as anticipated, various groups began developing
théir own'analysis. routines (Smith & Shﬁrwoﬁd 1976 Yeager,
1976; Weaver, 1975) wever, the next step of the process
did not,occur'exactly(gz

.

expected Rather than each group
developing unigue packages tailored to their.needs, some
groups began adopting or adapting existing packages written‘
by others. The resulting packages were Upgraded and consoli-
dated until today there again exists a set of multi-user °
student@response-analysis routines. (Of course, many groups
still maintain thesr own routines ) The currént gemeral-
purpose product is somewhat different than the SIRA product:
for example,-it does not notyinclude‘manf of the detailed
functions possiole with the SlRA package. ' Happily, the ’
cur nt package does receive broader usage than tHe SIRA
pagxage, ', _ N ' )

_ " Thus the evolutionary process has come not quite full

) circle Tnough the authorS of’this_rgport can venture no

opinion concerning the trerds. for future awmalysis packages'

in terms of uSer-produced or sﬁsteﬁ-produced programs, new
system-level data collection” commands and continuing impﬁfve~
ments to the various ‘user-level analysis packages suggest
tha& further changes in this area ‘are probable - The follow-
ing report details the creation develpopment, and use of a
set of ‘student data response ‘routines collectively knowh as
"the -area—-package." . The phase of development which is
described herein coincides with the implementation “of the

PLATO Iv system. (




Introd’uction*7 .
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One of tﬁe virtues of automated 1nstruction expressed
by CBE advo¢ates is that it allows easy and unobtrusive
gathering of vast amOunts of data about a/student'§
performantée in a. lesson All this information can be used
to 1mmediately analyze/and .improve the idgtructional product.
Nevertheless it became obvious in the later years of thd
_PLATO III system and the early years of the PLATO IV system
efficient studeAt data collection package alone was nét
sufficient to fully exploit the information availab}e The
full potential of CBE could be realized only by means of
computer-aided analyses?of the student

., s the PLATO Iy data colYection system was bekng
créated,' the gathering af two kinds of 1nformation.was thus
provided for. The first . type of data deals only with a

) singfe student 1nteraction the response he made, a-Rey he

Y

pressed or an error he caused. - The second type oP dat
summarizes the activities of a student after many interactions
for example, rather than recording responses, it categorizesj
them and tallies the humber correct and incorréct.  The
first kind of data must be anaiyzed manual}y by the author;
the second can be manipulated by the--PLATO systenm, then
interpreted by the author. . ’ .t _
As part of the software for 3ollecting the summarizing-
tyae .student data, the PLATO IV system provides the -author
with the ability to divide a 1esson into’ contiguous "areas'
and to automatically record a variety of measures about the
student's use of the lesson-within each area. Because this
prdZision is S0 completely automated many authors have
implemented this feature, and there is a great deal of so-
called Marea data" being collected on the PLATO IV system.,
An 'area' is an author-designated segment\of a—lesson

*
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hlch fai/ly consistently Jses a single strategy like drill
tutorial 1nquiry, etc. ‘to ‘teach a relatedsset of facts or
~/concepts. It gs typicarly about 5 to 20 minutes in length
Whenever a student completes an~area or stops, 4orking on &
lesson, the eomputer records the following information for;"
that student:.the time spent in the ‘area, the number of
JQUestLons attempted the number of questions eVentually h' -
_answered correctly, the number of 1ncorrect student responses
which- were anticipated amd ‘unanticipated by the author, the<
"numbef of questions answered correctly on the first try,
counts of instanaees:-in which the student requested and
received on-line help (and®cases when dn-line *help was . -
requested but unavailable), and -the n me of the student,’ the
lesson, and the area. This"’ 'areaf/suzmary,”as well as the
individual interaction data (e\g., the student responses) is
stored on-line for later sorting, transfer, or, printiwg f
It should be apparent that it is not only possible, but,
quite easy, to gathéer appropriate student date to be used to*
revise L'essons and monitor student‘progressu The remaining'
problemﬂé that although the onde-difficulf taSk of data
collectfzn has been solved, the analysis of the regultant _
volumes of information becomes time—conSuming and frustrating..
Recording all student responses (typically one pet minute)
for a class of 30 is clgarly out of the questiom\ Individual
student interaction data must be recorded veny selectively.
Even. fhe area summary data collects ratber quiakly ‘For
example, 42 t:lass of 210 students taking a two-hour lesson
which provides area data abeut every 10 minutes‘will
generate 2500 area summaries, each contdining more than 10
items of.. ﬂata! There are so many values to examine and so

‘

many comparisons that might be made that many lesson

developers, unable to analyze all their data, anal;/g‘none,
of it. ’




rhe analysis of this massivg amount of data demands ghe*~:
use‘of a computer, Befor® the ‘use of large CBE systems: such
as PLATO IV, the few CBE users in existence had . comparatlvely
little courseware for which to gath@r data and little soft-
.+ are to make data collection feasible. Thus there was a
limited need for ways to sort, condense, and’ analyze the .
data For these reasons, PLATO lesson developers who gather
‘_area summary data have "had few gu1de11nes r its interpret--
ation. _The rest of this report describef/f:cent attempts
and the current Status of efforts to dondense, analyze, and
. interpret area summary data for the‘burpose of improVing
instryction and diagnosing student problems. .

,
.« e
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Interpretation of Area Summary Data

*  Two measbres of student interaction have bzen found to
be especially valuable for evaluating the performance of
students and lesson3° (a) the percentage of questiong
correctly answered’on the first attempt (abbreviated
%okfirst) and (b) thé number of incorrect respohses

r question (abbreviated errors/question or .errors/ques),
Instructors comparing classroom observations to values £or
the aboVe parameters find. consistent, intuitive conformance.
For example, an area.which is very difficult will require:
the cla§3room proctor to aid .the students and Will result in
Z low, %okfirst and a high value for, errors/question.

For a wide variety of subjects and diséiplines a class
average of 80 4okfirst has been found to indicate that the,
difficulty of the mateérial is well matched to the class.
Insfruction with %okfirst lower than 75 is generally too hard,
and material with %okfirst above 85 is typreally too easy.

The %okfirst alone is not sufficient. When, only a few

of the questions ate Very hard and tEhe rest-are'easy, v

4




%okfirst has»its usualxvaIUer-only errbrs/question ﬂ§ ‘
Sensitive. ConVersely, ernors/question is, not as sensitive
‘as %okfirst 'in cases where the difffculty is qonsisf/btly _
‘slightly too hard, but is leld@d evenly betweenxguestions.
In some cases, one, finds that reasonable ex@lanations can be

~made for "unusual" ratios, but in most instances, legitimate

\ </prob1ems are found. . .
‘ ) Despite large student-to- student variability, derage
of %okfirst*and errors/question (and completion time) ténd
to be fairly .stable. It appears that if lessons were
“accompanied by a set of normal ranges for various student
populations, an evaluator or instructor could estimate the ’
aptitude and/or preparedness of a cIass. However, it -bs not
generally feasible to use %qgfirst -or errors/questron bo *
grade" individual students. - This is becawie extreme values
- for certain students may” point out cases which need further .
investigation, but . variatiodk\in the style-of student .usage
often explain what initially appear to be "probl N For
example, some students deliberately make errors to see Yny .
alternative plausible answers/are incorrect Currently, ‘the
)_greatest generalizable use cof area summary dats is fOr

‘guidance in the revision of lessons. b

.
. . . 4
.

g
- »

An Example of How Area Data Aided Revibionﬂoﬁ %~Lesson
: 'é-‘ » /‘ ) «+
| €

Initial Version'\ A math lesson tea¢hing ‘the addition
and subtraction of‘signed nvmbers(was divided into seven

aréas, Each of the first six areasfcontained instructions,
examples, and Lxercised dealing witje one type of problem
(e.g., adding two numbers of Qppgsite sign or subtracting
two numbers both of which are negative) The SeVenth‘areé
pnavided miXed practice- with the previous six problem types.
Daté for several classes is, fodnd in Table 1. The‘lesson
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© was. first.used by large "humbers of’students in Spring‘1975
As sygpicipated. by the authors,.'the difficulty of the fifeh
ahd sixth.areas (subtracting w1th negatiyes) was greater

) than that of ather areas. However, what was’ not expected .
was “the very great diffiicultyof the final’ mixed exercise. .
In five of the six classes the %okfirst dropped of f Lo
dramatically’for the for the mixed exercise (the seventh
area). L '0,“' <L v R oo

These data suggested a need.to add an additional "help"

. area before mixing together all six types of prgblems. ] .
Because individual problem types were apparently mastered,
discrimination between problem types was seen as the
stumbling ‘block. ’ v”f

- An examination of the histograms of %okfirst for each
kTarea provided additional insight about what was Q@ppening to
the students Figure 1, ptesents the results of a representa-
tive class for the last three areas;of the lesson. These: | '
and“octher' data suggest that-many students apparently did
. well throughout the lesson. whereas part of the class plum-
“meted rather suddenly on the last mixed exercise, ‘IQis
information combined with analyses\of,indiv1dual'students, )
led the author to decide that only, students who scoréed lower*iik
than 80%.on the previous areas would be routed through the
' ,additi‘hal discrimination exergise (i.e., “the "help" area) v
N o, A second 51multaneous modificifion to this lesson was "
+ A, based on instructon requestsrrather than student data or

. 4
v 'comments. "In ordér to{reduce the time "needed for the lesson,.

’ the number_pf exapples'zn each aneaowas rediced from two to

Pp . - -

one. . e, ;e ' d ' :
' Secénd version: The results of the Spring and Fall
classes for the first and second versions of.the lesson ‘are

shown,in Figure 2. The clasées using’the revised version-

had a uniformly lower performance {as measured by .3krirst)

o . s,
-

'-i <
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Although the consistency of the shiftlén parformance might
posszbly have beencaused by Fall' 1975 students who .were
more intelligent than the Spring 1975 students,‘the reductlon
in the number of eﬁamples Was stro_gly implicated as the
culprit. In any case, the lesson s undesirably low perform~
ance suggested that it be modifled no matter what the cause
might be. Therefére, one 3r mo?e examyées were added back
into all teaching areas excepy area ﬂ, in uhich students had
scored higher than 80% okf. fdr the révised lesson. . Student-
by-student dnalyses indiopted the-"nelp” section seemed to
'be aidinhg poor students &s’ was intended but the‘ohange in -
overall perfo?mance caused by the reduction in number of
examples was so large that further interpretation,uas
*obscured. - T * .
zh{rd version. Data for the thlrd version Has c:zﬁected . -
in #f11 1976 x* The data from the’ first two versions W )
collected from the 'sdme commynity college classes, whereas_
the data from the third version was g%thered from jyn}or
.pigh school students., Kevertheless, the results of the
analysis suggesf the lesson behaved,similarly for all three
groups of students (Figpre 2). ‘
The e mples added bo the third version seem to have
raised the $okf1rst for all areas excepb area -4,. The fact
that .the Aumber af examples in-area 5 was not changed con-
firms the validity of the- chaqges to other areas. It is
inter sting to note sthat although the %okfirst for this o
- las version is genefally 32!25 than that of the first version,f
the performance. on the finail. mixed test is higher. This is.
.robably due to the "help" areay which was not available to
Students taking the original form of the lesson. The Sokfinst
for the help area is lower than all Other areas because gglz
students doing poorly in previous sections are routed thrbugh
the help area. This extra help and practice in diserimination .




of problEm typés tends to keep tne poorerAstydents from
"falling apart" on the final mixed exercise. The result is
that the average sEo;e for the whole class, rather than
slowly declining through the later areas, makes a sharp s
upward turn in the final test area: The class average of
%okfirst on the ffhal test area is near the average %okfirst
of the prev1ous six areas. THis is,where one would expect '
it to be if tne difficulty with discrimination of problem
types had been elsminated: "pe test samples items from each
of the previocus area;—““/ o
Looking at.the indiyvidual student performances (not *
shown here), one sees that, students whoodid. very well init--
ially and who thus avoided the nhe‘p area received'% lower
> score on the mifed practice than thejr average om the - six
problem types._ Conversely, studenbé that did poorly and got’
the review, did better on the mixed practice than their
previous average. This suggests that a sec?ﬁd briefer help
section to teach ‘"g,ood" students to di scrlminate aproblem types,
would be,an efficient&\ay to further increase the average
score. T :.. - : o
Summary. While lesson revision sholld cantinue to be
partially based on- commentf’fron students and instructors as
well as’;uthor intuition, the preceding example demonstrates
the power of basing revisions on student performance data.
For example, the decision to re-introduce examples can be
explained and 1ustified to skeptical ihstructors by means of
: these data.” If a decision were jmade that the student scores
should be increased still further, the absence of "data such
as that shown here would make it unclear whether more exam-
/EES or more practice should &e added gg which types of
questions need" the most eq’hasisaiégg all likelihood,
increasing either examplds or practice would increase final
scores, bt only by Substantia11y<increasing lesson <omp-
letion time;_ As noted above, there is evidenc;zthet a

'}g*nl'
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second brief help section %or more of the students might .
substantiallyx bqost .average scores. If so, that would be a

L3

very efficient revision in terms of both thé students' and .
the suthor's clmeL' ) .h\’
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veasures of CRE Interaction - R . .
’ “ \ F.
£s was previous1y .ncted, area summaries prcvided by the

computer for each student ccntain tall*es of various of the
student's act1v1t1es In the lesson revision. éxample,
heweéver, ncne of the data was used in rts raw form--instead

%32 ratio or percentage was calculated ,ecause the number of' :
gquestions varies from area to area, the sumber- of questions
answered correctly on tpelfirst attempt cannot be compared
from oﬁk aréea to another 40wever, the ratio of fquestions k&
answered’ corregﬁ‘; on first try" to "total questions™ can be

%2ed to ons“rucf a parameter which can be usefully 35mpared.

or convenience, the ratio is often expressed as sz perqentJ”
ba 2 N ~

’
-

he lesson revision example Wwas based on the examination-
of .2 single parameter ‘derived from area summary data, _ In
fact, there aie many more data available a%d mgny more ’ ¢
paraneters &hicn can be derived. Potentially useful ratios
(in addition~to thcse already mentiodned) include' ,
qqestions/minUue (z measure of the student's spe'ed and/or
"the nature of the lesson), interactions/minute (where
ihteractions is the sum of response attempts,-pn-line help
-accesses,‘and studentarequested branches), and unanticipated
responses/question (a measure of lésson "polish").

&

The reader can imé&ine many other measures which can be
eonstructed by algebraica}iy manipulating the  parameters
previousky listed. - At this time however, only a few ratios
like Zokfirsgt and'erqors/questiQp have been iﬁvestigated. ,/

¥




For-the‘other'ratﬁoe, little is known about the validity,.
genéralizability, or normal range of° values.
Feat@fes and, Options for Data Anaiysis / r

S R K » N -

The area analyeis papkége automatidally calculates many
useful ratios and averages as well as allowing the user to
construct his own. -‘Other dataz can also be Petrieved, mani-
oulateo, and displayed-in a vast wvatiety of formats by the
data analysis routines: Rather than being exhaustise, thisg.
section lists examples ¢f some of thekespecggily useful .or o
interesting options.

To aid the user in finding relationships among the
student daté ‘scatterplots 4nd histograms may be-formed.
After a histogram has been displayed, it 'is o/;en interegt-
ing to investigate thefcharacteristics of data at the ends

-~

of the distribution. Therefore, one option allows retrieval .

of complete information for all records of a type specified
by the-user (e.g., all time data for any student who com-
pleted a Specific area with three or fewer errors).

IR Tables of summary data are provided in three categories:
all areas within a lgsson, all students within an area, and
all areas completed by one student. Each summar!/has a J
different focus, ahd 1nconsistenc1es in summary data may
point to potential problems in areas,,lessons, or students.
An especially 1nteresting visual displqy shows the progress.
of an individual student r ye~to the rest of his class-

- mates (see &'1gure 3). An“approprtate parameter -(okf, time,
etc.) 13 plotted for up to 18 consecutive areds. The mean B
and standard deviation'for the“class are visually :Zdicated .

"~ and the student's score is. plotted over this "back ound."

.A student may complete n area several times if the results'
from his first attempt are unsatisfaetory acpording to his
/ -
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. own or the igsson's criteria. The.results‘oz eath success-
v ive qomoleti n are indicated so that the 5tudent's improve-
ment can bd verified by the author- or by the’ student' N
(¥ nstructor.\ , It was this kind of display that was used in
the lesson revision example to £ollow the success of indivi-
«dual " d" and "weak" Students to see how the lesson was_ - ¥

.

pe{forming ' , * .
Another tecﬂnique oné may use to conci¥ely portray ‘
_large quantities of data visually is to generate 4.cumula- /
tive frequéney curve (called 1n ogive) for theﬂfompletipn time
of the areas (Figure 4) Varying the scale factors reduces
the data from different areas into a familiar S-shaped curve,
. Jhose shape and barameters may then Ue interpretted. (See
discussion under "time" in the next se&tion.)

"~Any data ftom an area summary may be transferred to a
more powes&yl set of statistical analysis routines available
on. the PLATO system.‘ After transfer, fhe data may be trans-
formed by an aritnmetical function (e.g.,.reciprocal, loga-
rithmic) and ﬁsed in multiple regression routines. 'Other
stddent data not found in° area summariés may be/included in ‘
the regression (e.g., grade point average, age). . Vv '

The graphical or tabular displays- produced by the
analysis packages can be hardcopied by’ means of a p1asma
"display copying device (e.g., the Varian copier) I3
addition, most _of the ‘tables. of data can be automatically
formatted for a line printer. .7 .

-
-

Analysis of’hilitary Data

~ &

-~

The data ayalysis routines were réfined and expanded as
part of the ARPA/PLATQ evaluation project in andicipatjon of
their use during formative and summative evaluation pe?iodsr

"At the inception~” of the evaluation phase of this projecti
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the lessons at. Aberdeen Proving Ground had been completely
written -and tested; students were no longer using them. At
Chanute AFB, all Lessons had been written and validated just
. prior to the start of the evaluation period, but student use
,was~cont1nuing The MTC/PEER evaluators, being___pegially
interested imr studying and aiding the process of lesson
dewglopment'ang revision, thus ‘directed-their efforts t ‘
Jhe lessons of another ma jor ARPA/PLATO site,'Shepparq AFR,
The Qheppard progect had beguh a year later thEn the other .

two pFOJQCtSQEEaHfﬁE“b Sheppard's lesson development
and validation was sla:i:~t£§fall~znto‘fﬁe evaluation
period Unfortupately, the small class size (16 or\fewer
for each of two vlasses)-and the evghtual re-girection of
thaf proJect produced)data that was suffic1ent for only =
few analyses
Fbreseeing some of these.problems, the MTC/PEER evalu-
staff elected to collect data from Chanute AFB students. .
, Because e Chanute staff did not use area summar informa-
‘tion durlnbxvalidation, no provision had been Tade lts
collection Therefore MTC/PEER sfaff reprogramq;d eight’
lessons we had previously reviewed, dlviding eacM\ lesson

into areas and installing other programmihg required for

-
g
-

collection of area data. - Yo
. Because Wwe were forced Lo rely on the forbearance of
CHanute staff for a number Q§ data -handling procedures
unrelated to their ouu.goals, data collection could be
maintained for only a limited period of time.
Chanute data. ‘éecause the Chanute AFB lessons haddsr?
already met their validation criteria, major revisions based

-

on -the aréa summary data appeared.unlikely. Therefore the .
analyses parformed with these data were directed'toward
eveloping general hypotheses about how to use area data

ather’ than toward diagnosing student or lesson problems.

[y
v

-
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The existenée'of large duantities of criterion-referenced

- testudata, course test data, attitude surveys, and area .
"summary data for ‘Chanute students +as prov1ded a rieh sgurcel
for CBE 1nvest1gat10n. Current research efforts make use of
routines which extract relevant parameters from area data .
_and allow them to be compared to a selection of predictors

. Such as those suggested prev1ously. )

™A Sheppard dafg We transférred and analyzed all data
coilected fitigézﬁ classes of Physician Assistant' students--’
summarles‘Tb 56 areascfrom 62 lessons were obtained. In '

several cases there were sufficient data to serve as a basis
B for P§v131on of lessons; however, the modified goals.of-the
e progect plus a delay in the availability of the analyses
meant at no rev1sions were ,actually made on the basis of
this datg. A post hoce analysis comparing the student per-‘
formance of'. the first and segond classes%’emonstrates that
,’the student{population shifted or that revisions to the
Jdessons wepe largely successful. For example in 12 lessons
parisons were possible, both the %okfirst .and the
rors/question improved'drematically in 10 cases and
worsened slightly in 2 cases. ASs explained previously,.
-//further interpretations and analy&is were not‘made because
of the uncertain future for the- 1é§sons. Hevertheless, with
the potential for efficient revigéon and validatYon demon-
strated in this initial‘effort ,i MTC/PEER staﬁf - the
qheppard P O group has now. taﬁén over the responsibility
gathering area data, analyzéng it, and using it for
formative development ;. -
.

/i,
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Preliminary Findings

Tine. Initiallr, uSers of the area .analysis package
concluded that time is not ‘ge erally .an indication of student
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success. . As an example they c1ted two students (Gerny "dnd
Lenerts 1n Table 2) who spent more t1me, did many more
exercises than other student, and performed well., All
students had the option to get more practice. Ihesé two .
chose to do so and apparently enjoyed it. waever,,éipdent

Adam took about as much time as Gerfy and Lene#ts,.bu did
very poorly. Thus the elapsed time in an 1nstructlo al area
is seen to. be a Iess reliable indicator of success an
$okfirst or.errors/questlon. cher data, not showﬁ heTe,
indicate -that in "testing" areas, as opposed to teaching or-
practice areas, fast ;Eudeﬁts‘tend to per?orm.better than
students who take a lot of tfme to complete the tést.
Investigations of cumulativé freqdency curves for time
data (Tatsuoka & Tatsuoka, 1977) promise to supercede the
early conclusion about the usefulﬁess oS time data cited
~—above. The new research attemots to re ‘
performance data by fitting student‘éata to a mathematical
model and equation. There is an indication Ehat data-which
“does not fit the model well may point out problems with a

ate time and

lesson_seghent o;,sﬁudenﬁ~popu1at§on. For exaTgle; Chanute
AFB Qata from a lesson whose data fit the model especially
poorly was found to have at 37% failure rate (vs. the 10% or
lower failure required for yalidetioh). -Students taking a .
statistics lesson (originally written at .an ARPA site) were
divided into two-groups baseo on their performance. The )
time ‘data from the group with higher performanc%rfit the
theoretical distrigution significantly better "than that for”
the poorer group. i
An attempt is being«made to use time data to provide
additional informatlon when choosing whether to' pass or fail

students whose Score is hear<the cutoff point of a2 criterion-
referenced test. If one uses only the sfudent's score;.
measurement errors inherent in testing mean that the decision

~

——
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Antici-* Unanti- .

= Ypated . {§dcipated
* & Student . ) errors 4 " ¢lerrors

-

«'adans . . o Y . ) . 47
Sdér . . ) g / h '/ . 3‘
carisen = -~ . , L ‘. ) -0
déuglas
eggers
franklin

. ggerney -

harrison 3.5

kS

thold = . 1.9

jac;son : 2.%

king ' 5.1

.
]

lenerts . 33.2
&
'hichelson 2.7

) " Table 2

“

Student Paraméters for an Area of-a Math Lesson

. (Note: student names are fictitious.)

’
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" . to. pass or -fail some students near the cutoff point will Be .

-
- 4

. e made incqrrectly >{‘F’ass/fail decisions may be made more
'accurately by. dncluding additional data about- the time
needed by the ‘student to complete the lesson” and/or,the
N ' lesson test.. Final reports of the*researcﬁ’ Béing supported .
:/k . by the Basic Skill Group-nf the National Institute of .o ’ o
1 . EAucatiow, will be: available laté in 1977. . ' -
N ,: Lesson’strategies. If a lesson isdivided into areas .

X < . 8o that some of the -areas contain mostly dida@?ic, tutoriai
"+ material with -few opportunities to practice new skills while
other areas consist primarily of practice with few. help .
sequences, one.will find a sharp contrast in the patterns of-

%okfirst and, errors/question histograms.' Figunes 5 and 6
exempkify these differences . The dLstribution of both
fokfirst and errors/question is broader for the practice

- area than for the tutorial area.,, . .

c (SR

Lessons that teach by "trial and error" method, or .
lessons that mainly. teach by help sequences have still
different patterns of %okfirst As could be predicted
) nquiry-type teaching produces a higher error rate. .
~ Use of incomplete area records. During the analysis of
ga data one Jmust’ decide whether or not to include records
4 ”bf} rea data in which the student failed to complete the- . T

‘ /,). whoke arewz. Available information suggests excluding such .- v
r ‘idnco% lete area records when searching for lesson probliems. ]
,¢his 1s: cdunter-intuitiVe. .one would seemingly want to find . .. :_ -
cases‘Ehere students were unable to finish an area because “‘
; of problems. However, ‘the data from incomplete areag is- . -
o ! likely fo be skewed so badly by short-timezusers that lﬁl-'
. '~problems may be hidden, rather than elucidatedz by including
) this data. When sufficient_numbers of completéd Wreas are '
S not available, data from incomplete‘areas can be "c}eaned" S
;. by discarding any studeénts who have answered no questions in

-
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- an area or uho have'spent o%iy.é short time in the area.
Ibe following: histogram (Figure 7) contrasts data collected .
from "complete only™ and ™all" area summary fecords. . The
shift to the righ " for the "complete only" uses is v1sually
apparent and demonstrates typical differences observed when
trying to interpret. incomplete area records.
when cdlculating teazhing efficiency or’ when viewing

,~the progress of an individual’student all area data sﬁould
be examlned SO “that both sudcessful and unsuccessful
endeapors are profiled.

‘. ~
.d h] -,J/‘.

t
Fu .
At least three corfcurrent éfforts are needed to.advané;, '
this field of computer analysis of student interaction data: f
kL New, meaningful measures must be found and validated.
2. Ways to use these measures for the formative devel-
opment of l€ssons and for project management must
be found., ~ : 1. T
Computer software packages to simplify the analysis
task for all authors must be built,.tested, and ’
documented. R 2 2
Phere are dozens of measures and parameters hich seem
meaningful and gotentially hundreds of correlations. that *
might be examined. The- exploration of normal valyes for
+ thes parameters and correlations has. Just begun. -Intuition
has s ved as the only guide until recently--now careful,
systematic investigations are underway. A desireable result
might be a set of algorithms for reducing the great volume
of area data into a handful of consistent, sensitive
measures that relaté to the major characteristics of a. .
lesson (effectiveness, efficiency, difficulty, etc.) Enough
exploratory’ work has been dqge %o.demonstfate both immediate

’
P
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omparispn of) ¥okfirst from "Complei-,e only" vs., mAl1" Student‘
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applications and the potential for the future.

-

H
i

Current research at CERL involves regressi¢n analysis

of the areajdata o predict lesson and course
the analysis of elapsed time for teaohiing end
predict student‘success.' Other users of area

-

investigating the shape (i.e.,'ﬁean; standard eviaéion,

.skewness) of dist(ibutions'for'parameters suclf as Zokfirst

to diagnose lesson weaknesses (Smith, Ghesquiére,. & Avner,,
» ¥

.

1974) . : o . _.
A new manual describing the use of tHe ,atafirapsfer

and 'storage routines, and the‘interpretatipn}of‘the data is

in preparation by Weaver and Tatsuoka forfpuﬁlisatioh in .

late 1977. . .o . )

.
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